p—

AD-A139 090 EDUCATIONAL AIDS IN AIRCRAFT COMBAT SURVIVABILITY(U) 1/:L

NAVAL POSTGRADUATE SCHOOL MONTEREY CA P G COX DEC 83
UNCLASSIFIED F/G 5/9 NL

/




| Lol 28 W25 0 n
10 = :: vy I
o NE=
ol 1 fl22 i
s E5 2
= \
s

s flis e

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A




i i,

NAVAL POSTGRADUATE SGHOOL

| Monterey, Galifornia

ADAI39090

DTIC
S CLECTERR

& NAR 191984 ¢ ¥
THESIS /., *

EDUCATIONAL AIDS IN AIRCRAFT
COMBAT SURVIVABILITY

by
Patrick G. Cox

December 1983

Thesis Advisor: R. E. Ball

Approved for public release; distribution unlimited.

3

% G ALE COMY

'ﬂ.‘i‘;‘} Jw_"—' ~ - — -

. by Tt
] ey 4
——rrr e B—— 2308
o
: ;
e — ) 3
F = T S

84 03 15 099




bt o

- PR

e —

UNCLASSIFIED

SECURITY CLASSIPICATION OF THIS PAGE (When Date Entersd)
READ INSTRUCTIONS
NUMN 2. GOVT ACCESSION ROJ 3. RECIPIENT'S CATALOG NUMBER
G
h 4129 0%

4. TITLE (and Subiitie) S. TYPE OF REPORT & PERIOD COVERED

Combat Survivability | December 1983

§. PERFORMING ORG. REPORT NUMBER

3. AUTHOR(e) 8. CONTRACT OR GRANT NUMBER(s)

Patrick George Cox

(3. PERPORMING ORGANIZATION NAME AND AODAESS

Naval Postgraduate School
Monterey, California 93943

AREA & WORK UNIT NUMBERS

10. PROGRAM ELEMENT, PROJECT, TASK

11, CONTROLLING OFFICE NAME AND ADORESS 12. REPORT OATE
Naval Postgraduate School ‘ December 1983
Monterey, California 93943 L RN UMEERIOERRSCES 155
T3 MONITORING AGENCY NAME & AGORESKI! different from Contreliing Olfice) | 18. SECURITY CLASS. (of this report)

18a. OECL ASSIFICATION/ OOWNGRAOQING
SCHEQULE

T6. OISTRIGUTION STATEMENT (of this Repert)

Approved for public release; distribution unlimited.

17. OISTRIBUTION STATENENT (of the sbatract entered In Bleck 20, I different from Report)

I e N
18. SUPPLEMENTARY NOTES

19. KLY WORDS (C L] oree slde I y and | ly by bleck number)
Aircraft Combat Survivability
Vulnerability
Susceptibility
Homework

-]

&\A“YRACY (Continwe en roverse side I{ necossary and identify by bleck number)

7 This thesis presents four additions prepared for the textbook
The Fundamentals of Aircraft Combat Survivability Analysis
and Design' by Professor Robert E. Ball. A set of homework
problems with solutions was developed for the textbook to
provide the user with a means of measuring student progress.
An index, a lexicon of terminology, and a formulary were also
developed to enhance the usability of the textbook.

?
0D .70 1473 coimon or 1 nov 6818 onsoLeTe UNCLASSIFIED }
$/N 0102- L 014- 6601 1 SECURITY CLASHPICATION GF THIS PAGE (When Data Bnteres:

o mm*f“——.

T —— e e --—1

-




Approved for public release; distribution unlimi<ed.

1 , Educational Aaids in Aircraft Combat Survivability

by

. Patrick G. Cox
Lieatenant Commander, United States Navy
B.S., Kansas State University, 1969

Submitted in partial fulfillment of the
requirements for the dagree of

MASTER OF SCILENCE IN AERONAUTICAL ENGINEERING T //

from the

NAVAL POSTGRADUATE SCHOOL Srpinetien
December, 1983

A
Author: %{2@1/@3& @
5 &
Approved by: f 5 M

_ Qﬂwé’:
@M >cé£]&r

Chairman, Department of Aerofautical Engineering

i

Dean >f Science and Enginsering

Thesis Advisor

Second Reader i




ABSTRACT

This thesis presents four additions prepared for <the text-
book "The Puadamentals of Aizcrafr Combat Survivability
Analysis angd Desiga" by Professor Robert E. Ball. A set of
homevork problems with solutions was developed for “he text-
book to provide the user with a means of measuring student

progress. An index, a lexicon of terminology, and a formu-
lary were also developed to enhanze the useabili+y of the
textbook.
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I. INIRODUCTIDN

The textbook [Ref. 1] by Professor Robert E. Ball, NYaval
Pos-graduate School, will, when published, be <+“he €fizst
textbook in the aircraft combat survivability disciplire.
As such, it will be wused by persons in many and diverse
fields as their principal sourca document for concepts,
ta2rminology, computational technigqu2s, and moda2ling method-
ology 43in survivability. Table I presents the *table of
contents of the book. I% will be used by aeronautical engi-
neers to improve the survivability of aircrafz ia the
various design stages. Tacticians will use its concep*s to
evaluate strategies +o reduce the susceptibilic of oper-~
ating aircraft. Computer _specialists and wmathematicians
will use it t5 gain a better insight into the processes and
scenarios they are attempting to moiel.

Four additions to +th2 textbook arce presented in this
thesis. Homework problems and dztail2d solutions for each
chapter in tha2 textbook are given in Appendix A. A Lexicon
of terms is presented in Appendix B, an Index of terams is
given in Appendix C, and the important formulae and +heir
variables are presented in Appendix D for one easy referance
point.

The hcmework problems ware developed based upon a number
of criteria. Certain homework problems were developed
specifically to support ¢the stated objectives of the book.
These range froam simple definitions +to the development of
complex logical statements. In several cases, multiple
questions are used t¢ explore diffarent aspects of a single
objective. Mathematical problems wera developed for chap-
ters IV, V, VI, and VII, both to exercise the specific




TABLE I
Textbook Table of Contents

I. INTRODUCTION

A. AN OVERVIEW OF AIBCRAFT COMBAT SURVIVABILITY FUNDAMENTALS
B. HISTORICAL PERSPECTI
C. 0. S. MILITARY POLICIES PROCEEDURLS, AND ORGANIZATIONS
B. SURVIVABILITY REQUIREHSQTS POR U. MILITARY AIRCRAPT
B. SURVIVABILITY PROGEAMS
P. A TYPICAL AIRCRAFT SURVIVABILITY PROGRAH

II. AIRCRAPT ANATOMY
A. GENERAL PEATURES
B. PIXED-WING AIRCRAPT
C. ROTARY-WING AIRCRAFT

IIX. THE MISSSION, THE THREATS, AND THE THREAT EFFECTS
A. MILITARY MISSIONS
B. THREAT TERMINOLOGY
C. THREAT CHARACTERISTICS
D. THREAT OPERATIONS
E. THREAT LEATHALITY
F. SPECIFIC THREAT SYSTEMS
G. THE MISSION THREAT ANALYSIS
IV. COMBAT DATA ANALYSIS
A. TYPES OF DATA
B. COMBAT DATA INFORMATION CENTER CDIC&
C. DESCRIPTION OF SOME TYPICAL COMBAT INCIDENTS
D. IDENTIFICATION OF CRITICAL COMPONENTS AND SYSTEMS
Ve VULNERABILITY

A. WHAT IS VULNERABILITY?
B, IDENTIFICATION QP THE CRITICAL COMPONENTS AND THEIR
DAMAGE CAUSED PAILURE MODES
C. VULNERABILITY ASSESSMENT
D. VULNERABILITY REDUCTION

VI. SUSCEPTIBILITY {
A. WHAT IS SUSCEPTIBILITY?
B, IDENTIFICATION OF THE ESSENTIAL ELEMNENTS AFFECTING
SUSCEPTIBILITY
C. SUSCEPTIBILITY ASSESSMENT
D. SUSCEPTIBILITY REDUCTION

VII. SURVIVABILITY
A. THE SURVIVABILITY PROGRAM
B. SURVIVABILITY ASS ESSMENT
C. SYSTEM EFFECTIVENESS
D. SURVIVABILITY DESIGN AND THE TRADE-OFF STUDY

mathematical techniques presented and to give <the student
Tepresentative examples of aircraft survivability assassment
under realistic conditions. Multiple techniques, vhen
available, are used to solve the same problem. This is done
both to demonstrate the ejuivalence of the techniques ard to
allow +he student the opportunity to determine which

{
|
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technique best suits his/her needs. The importan% concepts
of the discipline are investigated in some gquestions, both
by asking specifically for enumeration of varicus techniquss
and by giving the student the opportunity to demonstrate
these concepts to hims2lf through calculation. In all
instzances, an attempt was made to provide questions which
ranged from simple tc quite challanging in order to provide
suitable questions for students from all backgrounds.

A Lexicon 2f terms was developel to provide definitiomns
of those terms which might pet be familiar to the studert.
It is recognized that, although the text is primarily
concerned with aviation, npot all those who use i< will be
aviators or asronautical engineers. Thrzough the use o0f a
lexicon it is possible to streamlinz the text of the book by
dispensing with 1lengthy definitisns without sacrificing
comprehension of the material.

A PFormulary was developed “0 assemble in one readily
accessable location those important formulae and equations
most ccmmonly used in the discipline. The variatles used in
these equations are assembled in alphabetical order in order
to facilitate the use of the formulary. No sample problems
are included because these were provided by the author in
the body of the text.

An Index was developed to allow rapid access to specific
information not identified by the tabla of contents. Since
the book has not yet been typeset and page numbers are not
available, the important location of sach item in the index
has been specified by chapter and paragraph number. The six
level paragraph organization of this text made this approach
guite acceptable.

The tex% in its final stages was proof read by this
student several times to assist in providing the best




possible precduct to the potential user, and a <system of
index cards was developed to prevant errors £rom craeping

into the varisus formulae in +the bodk.

Rl ot e &ty




II. SUMMARY AND CONCLOUSIONS

A properly written tex% should contain more than the
factual information of the discipline. It should provide a
means for the student to evaluate his own progress, and it
should provide a means for the rapid access to the critical
concepts and relationships wused ia the discipline. This
thesis will provide these necessacy additions to> (Ref. 1].
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APEPENDIX A

DUE TO INABILITY OF THIS DEVICE TO PRINT SUBSCRIPTS

THE POLLOWING NOTATION WILL BE USED

DESCRIPTION

Probability of hit

Probability of kill

given a hit

Probability of kill cf
the ith component

given a hit

Probability of kill

probability of

survival

Vulnerable area

Presented area

probability of
detection given one

scan by a radar

FOR THE ITH

COMPONENT

P<hid>

P<k/hi>

P<k/Hi>

p<ki>

P<si>

A<vi>

A<pi>

n

FOR THE AIRCERAFT

P<H>

P<K/HE>

P<K>

2<8>

ACY> |

A<P>

p<Lds>

. e ey i
xrtom o . a =




Cumulative probability

of detection

Cumulative probability

of detection 3i

ven S

scans by a radar

Probatility of

k21

givan a one-on-one

encounter

Probakility of

given a single

Probability of

given multiple

Probability of

kill

shot

kill

encounters

kill

given a warhead detonation

Probability a fuzed

warhead is detonated

Probability that a

propagator will be

launched/fired

the aircraf+

at
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P<CD>

p<cd>

P<K/E>

P<KSS>

P<K/M>

P<K/D>

P<E> |

p<L>




Probability the aircraft
survives a single shot

encounter

probability an aircraft

survives a sortie

P<S/E>

pP<S/sS>




HOMEWORK PROBLEMS IN SURVIVABILITY

CHAPTER I

1. Define thz followirng terms:
A. Aircraft combat survivability.
B. Aircraft susceptibility.

C. Aircraft vulnerability.
2. Lis%+ the three general categorias of susceptibility.

3. If susceptibility = 0.1 and vulnerability = 0.08, what

is the probability of kill and ¢he probability of survival?

4, Describe the goal of the aircraft combat survivability

discipline.

Se List <the six vulnerability reiuction concepts. List
specific examples of each of the vulnerability reduction
concepts you listed. If you are directly associated with a
military aircraft, attempt to list exanmples of some of the

concepts used on your aircraft.

14




6. List the six susceptibility razduction concepts. Lisz
examples of the susceptibility reduction concep<s you
listed. I£ you are directly associated with a military
aircraft, attempt 0 list examples of some of the conczpts

used on your aircraft.

7. What agency is responsible for coordinating +the indi-
vidual Service programs to increase th2 combat survivability

of aeronauticil systems in a non-nuclear eavironment?

8. Briefly describe the purpose and content of NASP.

9. Briefly describe the purpose and content of

MIL-STD~2069(AS) .

10. What is <the function of a foreward-arsa ccnitzreller

(FaC)?

11, What is the aission attainment measure (M4AY) a measure

of?

12. What does the survival rate (S) measure?

13. What is the first step in the survivability enhancement

feature selection methodology?

14, What publicaticn exists to standardize terminology in

the survivability discipline?

15




15. At what point in the 1lifs cycle of a military airc-af+

does sucvivability become an important consideration?

16. What effect on vulnerability did the +¢ransition *o
turboshaft enyines in helicopters have? What other effects

might have to be considered in this transition?

17. What is the purpose of the various £foams inserted in%o

fuel tanks?




ANSWERS (CHAPTER I)

1. A. Survivability: The capability of an aircraf+t to avoid

and/or withstand a man-made hostils environment.

B. Susceptibility: The inability of an aircraft to avoid

being damaged by the hostile environment.

C. Vulnerability: The ipability of an airccaft to with-

stand the damage caused by the hostile eavironm=2n<t.

2. The three general categories of susceptibility are:
A. Threat activity
B. Aircraft detection, identification, and trackirng.
Cc Missile launch or gun firing, propagator flyout

guidance, and warhead impact or detornation.

3. Probability of kill = 0.008

Probability of survival = 0.992

4. The goal of the ACS discipline is the early identifica-

tion and successful incorporation of those specific surviv-

ability enhancement features that increase the 2ffectiveness

of the aircraft as a weapon systen.

17




The vulznerability reduction concepts are:
A, Component redundancy

B. Component location

C. Passive damage suppression

D. Active damage suppression

E. Component shielding

F. Component elimination

Exanmples of *he vulnerability rs=duction concepts are:
A, Conponent redundancy
-Multiple engines
-Dual, isolated fligh* control systsms
B. Component location
-Widely separated redundant coamponents
C. Passive damage suppression
-Ballis+ic +tclerance
-Pajil-safe response
D. Active damage suppression
-Pir2 extinguishing systems for engine compartments
E. Component shielding
-Parasitic armor
-Integral aramoc
-By other components

F. Component elimination

18




-Fly~-by-vire vice pushrods

-Replace fuel boost pumps #ith suction f£eed systen

6. The susceptibility reduction coacepts are:
A. Threat warning
B. Electronic jammers arnd decaivers
Ce Signatura reduction
D. Expendables
E. Threat suppression

F. Tactics

Examples of the susceptibility reduction concepts are:
A. Threat Warning
-Missile laurch warning equipment
B. Electronic jam;ers,and deczivers
-IR jammers
-Radar warning receivers
C. Signature reduction
-Non~reflective paints and coa*ings

-Secure non-essential emitters prior to

erctering the battle area

D. Expendables
~Plares
~Chaff

~-Decoy missiles

19




Threat suppression
-Iron Hand

~Wild Weasel

F. Tactics

-NOE flight

7. The agency responsible for interservice coordina<ion is
the Joint Technical Coordinating Group on Airccaft

survivabilicy. (JTCG/AS) .

8. Navair Insctructior 3920.1, CH~1, "Z2s%ablishmenrt of Naval
Air Survivabili+<y Prograam (NASP)“, establishes aircraft
survivability as a design discipliae in +the Navy. 143
provides the proceedures, responsibilities and relationships

for the NASP within the Naval Air Systems Command.

9. Military standard: "Survivability, Aircratt:

Bstablishment and Conduct of Programs for."

It provides a standardized systems approach *o improve the

survivability of military aircraft.

10. The purpose of the forward air controller is to assist

the combat aircrew in rapid loca%tion of its target.

1. The Mission Attainment Measure is a measure of the
ability of +the aircraft +c accomplish its objective, without
consideration of the threat effects.

20
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12. The survival rate is the ratio of the number of aircraf:

that return to the number of aircratt launched.

13. The first ster in the survival enhancemsnt £=2ature

s2lection methodology is the mission~threat analysis.

4. Military Standard MIL-STD~2089, "Aircraft Ncnnuclear
Sucvivability Terams" standardizes +terminology for the

survivability disciplire.

15. A. Often, the first time it is shot at.
B. 1Ideally, in the early design phase, to =liamirate
the necessity of a cos+tly retzofit progranm

following production.

16. Turbosiaft engines increased the vulnerability of heli-
copters, because both the turbine eangines and their high
speed transwmissicns were more fragile +han the systems they
replaced. Turboshaft engines are 1lighter, wvhich could
result in a lower gross weight. Howaver, they burn more
fuel, which would require larger fuel tanks. .On +he other
hand, +they burn turbine fuel, which is less easily ignited

than avgas, wvhich could make the aircraft less vulnerable.

17. Poams are used in fuel tanks to suppress fires and

explosions.

21
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| CHAPTER II

1. List the five major aircraft systems. What three £light

essential functions dc¢ these systeas provide?

2. List the five other systems fcund on most aircraft.

3. What ars the major differences be+ween rotary wing

aircraf* and fixed wing aircraft?

4, What are the maip strucrural aembers in *he wing and in

the fuselage?

5. Wha* is a keel?

6. Descridbe semimonccoque construstion.

/e List functions that the <fuel must sometimes perform in

addition to its obvious function.

8. #hy are the fuel and <the armamant typically located

close to the center of mass of the airplane?

9. Carrier-based aircraft have sevaral structural penalties
that other aircraft do not have. List those you can think

of.

22




10. 1list the types of turbine engines and the spe=d ranges

you would ncrmally expect tha2m to be used in.

1. What is the function of th2 accessory drive on an

engine?
12. What is dynaamic stability?
13, What is static stability?

4. List the general types of aircraZt in decreaseing crder

of stability rtequired.

15. W®hy are fighter aircraft generally designed to te less

stable than other types of aircraft?

16. Why are *tansport aircraft generally designed +¢¢o te very

stable?

17. Can an aircraf* <hat is statically stable be dynamically

unstable? Explain your answer.
18, Define relaxed static stability. 1

19. Why is artificial fael added ¢to +he flight control

systems of aircraft with power boostad or power operated

control surfaces?
20. Lis:t the various control surfacas used on aircraf+.

21. What is a trim tab and why is it used?

23




22. Define £fly-by-wire.

23. What is the purpose of the automatic <£ligh+% cornzrol

system?

24. What is a "wet wing"? Why are wet wizngs soaetimes used?

25. Why are wet tanks seldom used in the fuselage of

aircrafc?

26. Why is the ullage of aiccraft fuel tanks usually pres-

suri zed?

27. What is the sump or feed fuel tank?

28. The oxygen subsystem is part of what system?

29. What are the major control surfaices of a helicopter?

24
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ANSWERS (CHAPTER II)

1. The major aircraft systems are:
A. Structural
| B. Propulsion
C. Fligat Control
D. Puel

E. Crewv

functicns

11}
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n
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Lift, thrust, and control are the thrae

these systems provide. 4

2. The five other systems most aircrai= have are:

A. Aviornics

’ B. Armament
C. Environmental control ]
D. Electrical

E. Launch and reccvery

3. Belicopters are very power liaited and hence must be

very lightly constructed. Thrust, lift, and control are all

provided by the rotor system in helicopters, leading <o




mechanical complexity in <he controls of the <cCotor sys=em.
Fuel tanks ia heliccpters are typically located in the
bottom of +ha fuselage, nec2ssitating pumping syst2ms %o

deliver fuel o *he engines at all timss.

4. The main structural members ars:
Wing: Spars (spanwise) and ribs (chordwiss).
Fuselage: Lorngerons (lengthwis2) and frames

or bulkheads (laterally).

5. A keel is a major fuselage beaa running lengthwise,

6. Semimonocoque ccnstruction is a construction technigue
which derives significant streng*h from +he skin of +<he

aircraft.

/e A. Puel is occassionally used as a coolant, such as of
the lubricating oil.

B. It is sometimes used as a hydraulic fluid to operate
variabls area exhaust nozzles ani/or variable inlet gquide
vanes.

C. In addition, fuel is quite often the working fluid in
the fuel control and may provide lubrication to the mechan-

ical systems of the fuel control.

26
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8. To prevent large shifts in centar of gravity (cg) during

flight as fuel and especially ordmaagce are used.

9., Carrier based aircraft generally require:
FPolding wings or rotor systeas.

More heavily constructed landing g2arand supporting
structure.

Provisions for catapault launchand arcasted landings

(fixed wiag).

10. The gerneral types of turbine zngines and their typical

usages are:

A. Turboshaft Helicopter
B. Turboprop C Low to mid subsoric
C. Turbofan Subsonic, with supersonic dash

capabili-zy whea an afterburner
is used

D. Turbojat High subsonic and supersonic

11. The accessory drive provides power for fuel pumps, elec-
tric generators, hydraulic pumps, fuel control, and variable

area exhaust nozzles and inlet gquida vanes.

12. Dynamic stability is a tendency for induced oscillationms

to damp out without ipput to the controls.

27




13. If an aircraft has the initial tendency to move in <the
direction of its original at+titude af<er displacenmen<t, it is

said tc have static stability.

4. The jeneral stability groupings of aircraft are:
A. Transpaort/cargo aircraft (most stable)
B. Attack/bomber aircraf+

C. Pighter/interceptor aircraft (lszast stable)

15. The more stable an aircraft is, the less agile it is; it
has less ability to maneuver rapidly. Consequently, fighte:

aircraft are not designed to be highly stable.

16. As statility 4is increased, ©pilot workload goes 2own,

readucing fatigue on long flights.

17. Yes, if it overshoots its original a**itude following a
disturbance by ap amcunt greater *han its initial displace-

mente.

18. Relaxed static stability is a design technique which
utilizes a flight «control computer to provide ar+tificial
stability to an aircraft which may be so naturally unstable

as to be impossible tc control without the coaputer.

19. Artificial feel is used to provide tactile warning to
th2 pilot when structural limits are being approached as the

controls are deflected.

28




20. The various control surfaces usad by aircraf+t are:
A. Eleva*ors
B. Elevons
C. Spoilers (flaperons)
D. Aileroas
E. Speed brakes
P. Rudders
G. Canards
H. Stabilators
I. Leading and trailing edge flaps
J. Leading edge slats
K. Main ro*tor blades

L. Tail rotor blades

21. A %<rim tab is a small tab located at the trailing edge
of a control surface. It is used to ra2duce the magnitudz2 of
the contrel forces required to maintain a selected aircraft

attitude.

22. Fly-by-vire is the use of electrical signals to convey
control inputs to servoactuators, eliminating major portioans

of the mechanical linkage.

23. The automatic flight control system (APCS):

A. Augmerts the aircraft's natural stability.

29

e o




24.

25.

26.

27.

28.

29.

main and tail rotor blades.

B. Provides automatic commands to hold a preselecred

altitude, attitude, and heaiing.

A wet wing is a fuel tank coastructed inteqrally with

tha wing skin, A wet tank maximizes the amount of fuel
which can te stored in a space, since no fuel bladder or
separat2 tank is required. In addition, a wet tank is often
the only way 3 thin wing can <carry fuel due “0 “he presencs

of irternal structure.

Wet tanks are rot used ic the fuselage because of

leakage rproblams.

The ullage of fuel tanks is usually pressureized:

A. To assist in fuel transfer.

.B. To prevent the fuel from boiling at high altitude.

The sump tank is the %*ank which feeds directly to the

engine.

The oxygen subsystem is part of the environmental

control system.

The principal ccntrol surfaces of a helicopter are its

30
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CHAPTER III

1. What are the four categories 9f terminal threat plat-

forms?

2. List the three categories of threat propagators and give

an exanple of each.

3. What is the largest qun considsred a small aram?

4. #hat is the smallest category of gun that is considesred
AAA?
5. What is the counterpart of th2 conventional warhead for

directed energy weapcns?

6. What are the +%wo basic categories of conven+ional

varheads?

7. Wha*t is arother name for a non-fuzed warhead?

8. What are the four major types of high explosive

warheads?

9. What damage processes are associated with penetrators?

31
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10. Why is depleted uranium sometimes used for denetra*or

cores?

11. ®hat would the principal damage mechanism of a2 charged
nuclear parcticle weapon be when directed against an

aircraft?

12. #®hat is the general sequence of events of threat opera-

+ions?

13. Wwhat is the definition of the maximum target detection

range?

4., What is the definition of nmaximum effective range cf a

veapon?

15. What is lead angle prediction srror?

16. What are the most common guidance systems used by %odays

nissiles?

17. Wha*t ace the three major types of homing systems used by

todays missiles?

18. What are the most commocn control laws used by missiles

for rnavigation?

19. What are the three phases of guidance?

32




20. which phase of guidance requires the highest accuracy

and fastest ra2ac+ion time?

21. Describe the ma jor parts of a typical explosive warhead.

22. What basic types of fuzing may be used on projectile and

missile warheads?

23. What ar2 the essential elemeats of a mission-threat

analysis?
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ANSWERS (CHAPTER III)

The four categories of terminal threat platforms are:
A. Guns

B. Missilss

C. Airborne interceptors

D. Directad <nergy devices

The three categories of threat propagators are:
A. Projectiles (7.62mm)
B. Fuzed aissiles (S A-6)

C. Radiation (high energy laszr)
The largest qun ccnsidered a small arm is 14.5mm.
The smallest gun considered AAA is 20nm.

The counterpart of the conventional warhead for directed

enargy weapons is the delivered energy distribution .

6.

The two basic classes of warheads are:
A. Puzed

B. Nonfuzed
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7. Nonfused warheads are referred to as penetrator warheads

or kinetic en2rgy penetrators.

8. The four major tyres of high explosive warheads arce;
A. Blast or pressure
B. Pragmenta+ion
C. Continuous rod

D. Shaped charge

9. The damage processes associated with penetratcrs are:
A. Ballistic impact
B. Penetration
C. Hydraulic ranm

D. Ignition

10. Depleted uranium is 50% more dense than lead, increasing

its ability to penetrate. Uranium 1is also pyrophoric,

making it an incendiary warhead.

11. The principal damage mechanism of a charged nuclea:
particle weapon would be incapacitation or death of crewmen-

bers.

12. The general sequence of events >f threat operations is:

A. Detection

B. Identification

C. Tracking
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D. Fire control solution
B. Launch or firing of threat propaga:zor

f. Guidance of a guided propagator

13. Maximum tazget detection rang2 is the maximum Trange a%

which a target can barely be unambpiguously discerned.

14. Maximum 2ffective range is thes maximum r2nge at which

the propaga“or can cause damage to an aircrcaf+<.

15. Lead angle prediction error is <4the projectile miss

distance resulting from errors ia the prediction of the

target flight path.

16. The most common guidance systems us2d by missiles are:
A. Command
B. Beam rider
C. Homing

D. Retransmission

17. The major types of homing systsas used today are:
A, Active
B. Semi-active

C. passive

18. The most common ccntrol laws used are:

A. Pursuit

B. Lead angle




C. Command~to~line-of-sight

D. Proportional navigation (PRONAV)

§: 19. The three phases of guidance ara:

A. Boos* phase
B. ¥idcourse phase

C. Terminal phase

20. Th2 +*erainal phase cequires the highes*t accuracy and

fastest reaction ¢ime.

21. The major parts of a typical explosive warhead are:
A. Casing

B. Explcsive core

C. Fuze S
N 22. The tasic fuzing systaas are:
[ A. Contact (superquick and delay)

B. Proximity (VT)

C. Command detonation

23. The essential elements of a mission-threat analysis are:
A. Define the operational mode raquired by

the specific mission.

o]
.

List the applicable threats and

the threat characteristics.

st At i Y

C. Analyze the aircraft operational modes and the
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threats and determine the encoun<er conditiors.
D. Use tha derived encoun=er conditions as a basis

for the required survivability assessmer: and

tradeoff studies.




CHAPTER IV

1. Wha+ are the purposes of combat data analysis?

2. If 473 :combat sorties and 27 tactics training £lights
are flown with 11 aircraft lost in combat and one desiroyed

on a training flight, what is the combat loss rate?

3. What is the best source of cataloged combat data?

4, If the combat 1lc¢ss rate is 2%, what is “he probability
of surviving 100 combat missions? If the combat loss rate
is reduced to 1%, wvwhat is the probability of surcviving 100

comba+t missions?

Sis (TRUE or FALSE) If the XJ-190 has a combat loss rate of
0.1 and the XYJ-222 has a combat loss rcatz2 of 0.45, <tha
XJ-190 must be a more survivable aircraft. Justify your

answver.

6. ¥hat are the two major efforts of the Battle Damage

Assessment and Reporting Program (BDARP)?

7. Describe a loss-cause network.

8. What is one purpose of a loss caiuse analysis?
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9, What are the Ceanter for Naval Analysis (CNA) loss-cause
categories?
10. Based on <r2cent combat data what are the «czitical

aircraft systenms, and what are the most important damage

processes?
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ANSWERS (CHAPTER IV)

1. The purposes >f combat data analysis are to:
A. Determine the effectiveness 5f enemy weapon systems
B. Ascertain the survivability of U. S. aizcraft
C. Determine the effectiveness of surviwvability

enhancement technigues.
2. (1000/473) *(11)=23.2558

The non-combat flights and losses due to non-combat

flights are not considered in the computation.

3. The best source of catalogued combat data is the Combat

Data Information Center, Wright-Pattec-son AFB, Ohio.

4, P<S> (100 £lights) =(P<S> of on2 flight)**100
(0.98) *%100= .1326 = 13.26%
(0.99) **100= ,.3660 = 36.60%

P<S> has increased by 2 factor >f 2.76.

5. PALSE
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The intensity of the thr2at must be considered aloag with
the combat loss rate before a valil comparison of aircraf:

can be made.

6. The majer efforts of the BDARP are:

A. The collection of combat damages/loss data.

B. The storage, collation, retrieval, and dissemina*ion of

the data through the CDIC.

7/ A loss-cause network is a chain of events for all inci-
dents leading to an ul-imate loss cause. It shows the
progression of failures from initial damage *o the ultimate

loss caucse.

8. A Loss-cause analysis can help in the identifica+ion of

the critical components of the aircratf«.

9. The CNA loss-cause categories are:
A. Zire iptensity
B. Pilot incapacitation
C. Pilot error
D. Explosion
E. Less of control
FP. Engine failure/loss of thrust
G. Loss of stable flight (structural)

#. Uanknown
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10. Based on combat data, the critical aircraft systems are:
A. Fuel systenm
B. Engine
C. Flight controls & hydraulic systeas

D. Lubrication system (helicoptars)

E. Main rotor (helicopters)

F. Crew

The most important damage processes are:
A. Penetration

B. Ignition
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CHAPTER V
1. Define wvulnerability.
2, Does vulnerability refer to ths aircraft z2s a whole or
tc its individual components?
3. Describe the process of vulnerability reductiocn.
4, What is the first step in a vulnsrability reductiorn
study?
S. What are the aircraft kill cat2gories?
6. What are the lavels of attrition kill and what are their
definitions? ]
é
7. Define the term critical component. Give saveral exanm- k
ples cf critical comfpcnents. ;
8. Why is a special kill 1leval (forced landing kill) ]
defined for helicopters? }1

9. What kill level wculd result from inability of an attack

aircraft to lower its landing gear?
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10. What are flight essential <functions and mission ess=zn-

+*ial functions?

11. What is a failure mode and effects analysis (FMEA)?

12. Describe two failurss of a gun subsystem on an attack
aircraft, on2 of which makes it a cri«ical comporent fcr an
attzition kill and ancther which would resul: in a mission

abort kill.

13. How does the fault tree analysis (FTA) differ from the

failure mode effects analysis ?

14, Of the FMEA and FTA, which identifies the possibility of
secondary hazards that can be caused by the primary damage

process?

15. What are the fuel system damage-caused £failure modes,
and what are some 0f th2 technigques which can be used to

prevent or minimize failure?

6. What are the failure modes of the propulsion system?

Suggest some means to prevent then.

17. What are the failure modes of the flight control systenm,

and what vulnerability reduction techniques can be used?
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18. What ate the failure modes of the power train and zo<or
Elade/propeller system? What vulnerability reduction +=2chni-

quas can be used?

19. #W®hat failure modes are associated wi*h <the structural
system and what vulnerability reduc<ion techniques can be

applied?

20. Define the terms redundant and nonredundant when used to

categorize critical ccmponents.

21. (TRUE or PALSE) An aircraft with “two components which
perform the same function (for instance two £flight control
hydraulic systems) is always r2iundant in that systen.

Explain your answer.

22. If you are associated with a ailitary aircraft, atiegpt
to 1list the «critical components for your aircraft.
Charactorize 2ach critical component as czedundant or nonre-
dundant. A+t%empt to determine any redundart components which

have failure modes which in fact make them nonredundant.
23. What is a kill tree?
24. What is the kill expression?

25. Restate the six vulnerability raduction concepts.
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26. What are +“he passive damage suppression techniques?

Give examples of sach.

27. What are the twc general types of component redundarncy?

Give an example of each.
28. How can component location reduce vulnarabilicty?

29. What are some of the techniques of active damage

suppression?

30. What is parasitic armor?

31. How can shielding of components be achieved?
32. Describe some component elimination techniques.

33. What is the difference betwe2n ballistically tolerant®
systems and ballistically resistant sys*tenms? Which is

preferred?

34. What specific vulnerability r=duction technigues can be

applied to *he crewv system?

35. 7You are flying a single seat scout helicopter which has
no redundant conmponents and no critical component overlap.

The following data is applicable from one aspect:

ccitical presented probability of kill
component: area: given a 7.62am hit:
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pilot 4 sq. ft. 1.0

fusl tank 17 sg. £=. 0.37
engine 8 sg. ft. 0.8

tail rotor

gear box 1 sq. f¢t. 0.6

main rotor

gear box 14 sq. ft. 0.15
flight control

hydraulic systen 3.2 sg. ft. 0.8

Total presented area of hslicopter is 155 sq. £t.

What is the vulnerable area of your aircraft €£or the givern
aspeck? What is the probability of kill given a hit,

P<R/H>, for your aircraft?

What 1is +the probability of kill, given a hit on <the

aircraft, for each individual compoaeat (P<k/Hi>}?

What is the probability of survival, P<S>, given one hi%?

What is the probability of survival, P<S>, given ten hits?

36. How does the additional of a redundant component alter

the coaputation of vulnerable area, given a single hit?




Consider the scout helicopter in the previous question. It
has been retrofitted to a dual 2ngine configuration to
enhance its survivability. The only <change is the addition
of another engine, also 8 sq. £f%. 1in area. There is no
component overlap. What is the probability of kill given a

single hit P<K/H> now?

37. Consider a light attack aircraft with a digital fly-by-
vire €flight con%trol system. The £ollowing da*a is available

on critical components.

critical presented probability of kill,
component: area: given a 7.62pm hit:
pilot 4.0 sq. ft. 1.0

fuel systenm 52.0 sq. ft. 0.26

engine 40.0 sq. ft. 9.6

flight control

computer 3.0 sq. ft. 0.7

The flight contrsl computer complately overlaps the fuel

tank. What is the vulnerable area of the aircraft?

38. Write a kill expression for a helicopter with

following critical components:

non-redundant reGundant

coaponents: coaponents:

49




i DRIVE TRAIN PILOT/CCPILOT

i FUEL TANK #1 ENGINE/#2 ENGINE

E HYDRAULIC PUMP #1 WIDSET/#%2 WIDGET/#3 WIDGET
l THINGUS (Kill will result if any two of
l thres widgets are killed)

1 39. Draw the kill tree for the helicopter in problem 39.

: 40. Briefly describe severazl of the techniques used to eval-

uate vulnerability to internally dstonatizg warheads.

41. What are the damage mechanisms associated with exter-

nally detonating warheads?

42. Your aircraft is subjected to an exterrnal warhead bucst,
and 87 pene*rators strike your aircraft. Zach penetrator has
a probability of kill givan a hiz of 0.02. What is yecur

probability of survival? Work <+he problem ¢two ways and

compare your answers. Assume that tha effect of each pere-

trator is independent of the others.

43. What variables must be considared in the evaluation of
externally datonating warheads %o accurately predict the !

probability of aircraft killz
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44, Wha* are the major categories of computer programs :Ior

vulnerabili+y assessupent?

45. What is an Endgame pragram?

46. What two me+hods can be used t> compute <hs probability
of kill of aa aircraft with =cedundant coampcnents, given

meléiple hitrs?

47. Given the kill transition matrix in this chapter, what
is the probability of kill given one hi%? Given zen hits?
Given twenty-five hits? (3 progzaamable calculator or

computer solution is highly recoma=nda4.)

48, Wha* are the measures of vulnerability?

49. If the XB-148 has a probability of kill given a hit of
0.1 and the XB-888 has a probability of kill given a hit of

0.17, which is more vulnerable? Explain your answer.

50. W®hat itams of information ares aecessary to conduct a

vulanerability assessaent?

S1. What are the three component kill criteria?

52. List and briefly describe the computer programs known as

shotline generators.
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$3. list and briefly describe the computer programs known as

vulnerable arza routines.

9 54. List and briefly describe the computer programs xaown as

Endgame programs.

55. Compute the vulnerability of a redundant coamponert A/C.

A. Consider 2 single engine helicopter that has five crit-
ical coaponents +that are vulnerable to a 12.7am API projec-
tils. These components are tvwo fu2l tanks, the pilot, +he
engine, the tail rotor/drive shaft. Assume that these five

components are non-redundant and have the following charac~

teristics: 4

COMPCNENT PRESENTED AREA P<K/H>

Fuel Tank #1 10 sq. f*. 0.2

Fuel Tank %2 8 sg. ft. 1.0 i
Tail Retor/Drive 10 sq. ft. 1.0 ?
Pilot 4 sq. ft. 1.0

Engine 12 sq. ft. 0.5

The total presented area of *he heliccpter is

is 200 sq. ft.

Compute the vulnerable area i

and the P<K/H> of the aircraf:.
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B. Suppose a cross-cver feed systam is added, making zhe
fuel tanks redundant components. compute the probability <hz
aircraf+ is killed after taking one hit, after *«hree hLizs,
after six hits and after ten hits. Plot the cumulative prob-

2bility of kill versus the number of hits.

C. Plot the number of aircraft saved in 1000 sorties because
of this modification. Assume each sortiz2 consists of one

hit, of three hits, of six hits, and of ter hits.

56. You are the pilot of a singls 2angine attack aircraft
which has <*wo cockpit positions. You have five critical
components vulnerable to 50 cal. API projectiles. These
components are two [pilots, the engine, flight contzol
computer, and a fuel tank which straddles the ecnginz Inlet

duct. The following data is pertinsce:

COMPONENT PRESENTED AREA PROBABILITY OF KILL,

GIVEN A HIT ON THE

COMPONENT
PILOT #1 4.0 sg. ft. 1.0
PILOT #2 4.0 sg. ft. 1.0
ENGINE 16.0 sq. ft. 0.6
FUEL TANK 22.0 s3. ft. 0.3
FLIGHT CONTROL
COMPUTER 3.0 sg. ft. 0.9
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Total presen*ed area is 185.0 sgq. ft.

Develop the +*transiticn matrixz and svaluate probabili‘y of

kill of the aircraft for one, five, and ten hits.

It has been proposed that the aircraft be operated single
piloted. Ccmment on the benefits and costs given one, five,
and “en hits. Assume that the size of the aircraft does rot

change.
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ANSWERS (CHAPTER V)

1. Vulnerability refers to the inabili+y of ar aizcraf: to

withstand one or more hits by the various damage

s

pmechanisms-to its 1liability to damags or destruction when

| hit by enemy fire.

2. Vulnerabili+y refers both to the individual componrents
and to the aircraft as a whole. Each component contributes
in some measure to the overall vulnerability of the

aircraft. s

3. Vulnerability reduction is the reduction of the likely-
hood that one or mcre of the critical componerts ¢f the

aircraft vill be killed if the aircrafs is hit.

4. The first step in a vulnerability reduction study is the
identification of those components whose damage or 1loss

could lead to an aircraft kill.

5. The aircraft kill categories are:

A. Attrition kill

B. Mission aport kill

C. Porced landing kill




The attrition kill levels are:

A. KK kill - Damage that will cause an aircraf:
t0o fall out of control immediat2ly upon being hit.

B. K kill - Damage that causes an aircraf: to fall out
of control within 30 seconds after being hit.

C. A kill - Damage that causes an aircraft zo fall out
of control within 5 minutes aftar being hit.

D. B kill - Damage that causes an aircraf+ to £fall out

of control within 30 minutes after beirg his.

7. A critical component is a component which, if damaged or
destroyed, would yield a defined or dafinable aircraft kill
level. Examples: Pilct, engire, flight control system, etc.

for an A kill.

8. The ability of a helicopter to safely 1land with a
variety of damage nmcdes which would cause a fixed wing
aircraft to ba lost requires the spacial forced landing kill
level to Le defined for helicopters. These nodes include
(but are not limited *0) loss of engine power, massive fuel
leakage, difficulty in operating controls, and slow leakage

of engine lubricaticn oil, flight control hydraulic oil,

etc.




9. The inability of an aircraft to lower its landing gsaw
would result in an attrition kill due to its inability to

land without major damage.

10. Flight essential functions are those system and
subsystem functisns required to enable an aircraft to
sustain contrclled £flight. Mission 2assential functions are
those system and subsystzm functioans required to enable ac

aircraft to perform its designated aission.

11. An FMEA is a proceedure that (1) didentifies and docu-
ments all failure modes of a component or subsystem and (2)
determines the effects of each failure mode upsn the capa-
bility of the system or subsystem to perform its essential

functions.

12. An attrition kill aight result if penetration of the
ammunitiorn drum by an API projectile caused detoration of
ammunition ia the drum, resulting 3in major structural
damage. Mission abort kill might «result if the drum was

distorted enough to prevent ammunition from feeding.

13. An FPMEA is a bottcm-~up approach. Pailure of a component

is assumed (for instance, 1loss of the £flight control
hydraulic actuator) and the consequances of that failure are

identified (loss of control).
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A fault tree analysis is a top~-down approach. The undesired
evant is defined, then the avents and/ecr combinaticas of
evernts that can result in that event are idertifisd. (Loss
of <control is defined, and loss of the flight control

hydraulic actua+or is identified as a potential cause.)

14, The FMEA identifies secondary hazards as well and

primary hazards.

15. Damage caused Vulnarability reduction
failure modes techniques:
A. Puel supply depletion ~Self sealing tanks

-Multiple isolated tanks
-Reduced presen+ted area
-Low' ullage pressurs
~Accurate fuel gageing

-Puel crossfeed and bypass

systeas
B. In-tank fire -Maintain nonexplosive
and explosion atmosphere in tank

-Inert atmosphere (nitrogen)
-Vent to remove fuel vapors
~Fire suppressing atmosphere

(HALON 1301)
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C. Void space fire

and explosion

1 D. Sustained 2xterior

fire

E. Hydraulic caa

Foams

-Use antimisting fules

-Drain holes to allow leaked
fuel to escape

-Vent voids to cemove
fuel vapors

-Active £fire extinguishing
systaas

-Use antimisting fuels

-Use powdar pack/purge mats

-Prevent leakage fronm
fuel systens
-Eliminata "flame holder"

projections

-Maximize volume of fuel
in tanks
-Provide smooth, simple

contours for fuel tank walls

-Avoid direct fuel tank/engirce

inlet interface

-yse taar resistant/energy

absorbing vall materials




16. Propulsion systen

faiiure mddes:

A. Puel ingestion

B. Foreign object

ingestion

C. Inle+ flow

distortion

D. Lubrication

starvation

Vulnerability reduction

technijues:

-Avoid direct fuel tanky/inlet

interfacse
-Use fuel from tanks near

inlets before entering combat

-Avoid diract fuel tank/inlet
interfacs

-Use ballistically tolerant ?
materials which yield little
or no 3debris to ferm ducts

-use fuel from tanks near

inlets bafore entering combat

-Prevent hydraulic ram dazxzage

to inlets

-Minimize presented area of
lubrization systea components

-Use salf sealing or
ballistically tolercant

components

-Armor or shield components
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-Use bypass lines o isola*e

or minimize leakage

17. Control system Vulnerability reduction
failure modes technigques
A. Disruption of control -Ballistically cesistant or
signal path tolerant control system

componacnts

-Redundant, separate ccntrol
signal pacths

-Minimize presented area of
control signal path (fly-by-
wire vics pushrods)

-colocate servovalves on

servoactuato:rs
f
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